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Abstract 
Abstract: 
Magnetoelectric (ME) composite 0.5Co0.5Zn0.5Fe2O4-0.5BaTiO3 (CZFO-BTO) was synthesized by hybrid technique named as 
wet chemical-solid state technique. X- ray diffraction patterns revealed phase purity of constitutient phases and confirmed the 
manifestation of both CZFO and BTO with the ME composite structure. The structural phase transitions (rhombohedral-
orthorhombic-tetragonal-cubic) of ME composite were observed in dielectric studies. We also observed saturated ferroelectric 
and magnetic properties. In addition, we are also reporting the transverse and longitudinal components of the magnetoelectric 
coefficient, which can be attributed to the direct strain mediated coupling between magnetostrictive nanoferrite (Co0.5Zn0.5Fe2O4) 
and
 
piezoelectric BaTiO3 grains. 
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1. Introduction  
Recently, there has been increasing interest in the field of multiferroic materials because these can display 
simultaneous ferroelectricity and ferromagnetism, in conjunction with coupling between their order parameters [1-
2]. These order parameters could be tuned either by applications of electric field on magnetization or magnetic field 
on electric polarization and is termed as magnetoelectric (ME) effect [3-4]. The consequence of ME effect in 
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multiferroic materials can bring extra degree of freedom in potential applications such as spintronic, sensors, 
actuators and micro-electric devices [1-4]. Though these materials are highly exciting for potential applications, but 
the availability of single phase multiferroic materials is infrequent.  It is due to mutually exclusive in ferroelectric 
and magnetic order parameters, due to presence of d0 and dn filled transition metal orbital, respectively. 
Furthermore, the ME response in single phase multiferroic material is too weak to take place at low temperatures 
only; for that reason these materials are not useful for room temperature applications [5]. 
In order to overcome the drawbacks in single phase multiferroic materials, processing of artificial ME 
(composite) materials are proposed, which can exhibit large ME coupling at room temperature. Amongst, other 
material systems, exploitation of composite such as combination of ferrite and piezoelectric 
(magnetostrictive/piezoelectric) ceramics has been employed to obtain a large ME effect at the room temperature 
[6].  There are plenty reports on ME composite materials; amongst the important composite systems are CoFe2O4–
BaTiO3, NiFe2O4–BaTiO3, LiFe5O8–BaTiO3, NiFe2O4–PbZr1-xTixO3 and CoFe2O4– PbZr1-xTixO3 [7-10]. All these 
systems show different magnetoelectric response, which can be varied with composition as well as microstructures. 
Therefore, a better control of composition and microstructure can give a better macroscopic property [9-10].  
As per the literature survey; substitution of Zn in CoFe2O4 at Co site is observed to decrease the magnetic 
anisotropy that leads to high permeability and doping along with bulk BaTiO3 reduced the leakage current. Keeping 
these in view we have prepared 0.5Co0.5Zn0.5Fe2O4-0.5BaTiO3 (denoted as CZFO-BTO) to enhance the ME 
sensitivity. The present work reports one of such composite (CZFO-BTO) ceramic, structural and microstructural, 
dielectric and magneto-electric properties. 
2. Experimental details 
The nano composite of 0.5Co0.5Zn0.5Fe2O4-0.5BaTiO3 were obtained, by using (given) below three step 
process. In first step, the nanoparticles of Zn doped CoFe2O4 was synthesized using sol-gel method. In sol-gel 
procedure the analytical grade of precursors viz., Zinc acetate dihydrate Zn(CH3COO)2.2H2O, Cobalt nitrate 
Co(NO3)2.7H2O and Iron nitrate Fe(NO3)3.9H2O were taken 
in appropriate molar ratio (0.05 M). The mixture of the 
three salts were then dissolved by 30 ml ethylene glycol 
(liquid) and along with 100 droplets of glycerol (to stabilize 
and increase the solubility of the solution) poured into the 
solution under constant temperature at 100°C for 30 
minutes on magnetic stirring. As a result a transparent 
homogenous sol was obtained. The obtained sol was cooled 
down at room temperature by adding 50 ml isopropanol (2-
propanol). Subsequently the stirring rate was increased 
while adding drop by drop 37ml of triethylamine. Here, 
triethylamine (TEA) acts as a catalyst for the sol-gel 
process. After this, the solution was again stirred for 30 
minutes at room temperature. Further, the solution was kept 
at 200°C for 3h on magnetic stirrer to obtain gel. The gel 
was dried and further calcinations process was carried at 
400°C for 4h. In second step, the ferroelectric BaTiO3 was 
synthesized using conventional solid state method, where 
the ingredients were BaCO3 & TiO2 were mixed in 
stoichiometric ratio. The repeating grinding and 
calcinations were carried at 1100 °C for 6h.  At the end, the 
desired molar ratio of Co0.5Zn0.5Fe2O4 & BaTiO3 was mixed and calcined at 1000 °C for 6h.  
The phase purity of constituent compositions is confirmed by X-ray diffraction (XRD) using Cu KĮ 
Fig.1. the XRD patterns of CZFO-BTO composite, 
the BaTiO3 and the Co0.5Zn0.5Fe2O4 single phase 
(where pervoskite and spinel phase diffraction 
peaks denoted as P and S symbols). 
 Patri Tirupathi et al. /  Physics Procedia  54 ( 2014 )  145 – 151 147
3 
 
radiation (PHILIPS-PW3373 XPERT-PRO). The calcined powder was compacted into disc shaped pellets (8 mm 
diameter and 1-2mm thickness) at an optimum load of 10 tons using 2% PVA as binder. The dielectric data were 
collected as a function of frequency (500 Hz – 1 MHz) using an Agilent impedance analyzer (4294A) with a 0.5 V 
ac excitation voltage, where silver paste adopted as electrodes. The particle size of ceramics was obtained using a 
transmission electron microscope. The magnetic measurements were done with the help of SQUIDE-VSM 
magnetometer with field strength of 7T and the polarization (P-E) loops of the poled samples were obtained using a 
hysteresis loop tracer (M/S Radiant Technology Inc, USA).The ME effect, which is characterized by the 
magnetoelectric voltage coefficient (ĮE) induced by magnetic field (H) and Hbias, was measured using a lock-in-
amplifier. 
2. Result and Discussion 
3.1. Structural and microstructural analysis 
 
Fig 1 shows the X-ray diffraction patterns of these composites with each individual constituent phases. The 
phase purity of pervoskite BTO and Spinel CZFO was confirmed at each preparation step, where XRD of BaTiO3 
ceramic shows tetragonal structure with P4mm space group and CZFO ferrite shows the spinel structure with cubic 
Fd3m space group. The approximate lattice parameters for tetragonal phase were a = b = 4.0015 Å and c = 4.0321 Å 
and cubic lattice parameter was 8.5323Å. Finally, the composite x-ray diffraction clearly shows the presence of both 
phases (spinel and perovskite) without any detectable third-phase. The peak identifications of both phases were 
marked as P and S symbols respectively for perovskite and spinel peaks in composite system. 
Figs.2 (a-d) Transmission electron micrograph of CZFO nanoferrite particles and 
inset image showing the lattice fringe separation, (b) selected area diffraction 
pattern of CZFO nanoferrite phase. (c-d) Shows the transmission electron 
micrographs of CZFO-BTO composite powder 
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Fig.3. Temperature dependent dielectric 
studies of CZFO-BTO composite, (a) Variation 
of dielectric permittivity with temperature, and 
(b) dielectric loss with temperature of the 
composite ceramic.  
Further, the details of microstructural features were obtained using transmission (TEM) and scanning 
electron microscope measurements. Figure 2(a) show a high-resolution TEM bright field image of pure CZFO 
nanoparticles. The estimated average particle size is in the order of 15-20 nm range, and they are in good agreement 
with the particle size calculated from X-ray diffraction 
data. Fig. 2(b) shows the dark field diffraction pattern of 
corresponding ceramic, which contain well defined 
circular rings indicating polycrystalline nature of the 
ferrite nano particle. The diffraction rings could be 
indexed with cubic spinel with Fd3m space group. Apart 
from this, the composite ceramic diffraction pattern is 
also shown in Fig 2(c). Where two types of particles are 
noted, the small particles (black colour) are CZFO phase 
and large micro range particles (white colour) are BTO 
phase. The different microstructure features of the 
composite were obtained by the two synthesis conditions 
routes only [11-12]. From the microstructural features, 
one can conclude that the ceramic is rather specific to a 
biphasic ceramic than to a composite material. Thus, the 
synthesis method sturdily effect the degree of 
connectivity of the two phases and it can yield to 
variation in physical properties such as dielectric and 
magnet-electric properties [12-13]. 
 
3.2. Dielectric studies 
 
Figs 3(a-b) shows the temperature dependence 
of dielectric permittivity (ε) and dielectric loss of CZFO-
BTO composite at different frequencies. The monotonic 
increase in dielectric permittivity was noted, in 
conjunction with the expected dielectric maxima points 
with temperature were also noted in all frequencies. 
These dielectric maxima points are at 167K, 258K and 
326K, which corresponds to structural phase transitions 
of nonmagnetic (barium titanate) i.e., rhombohedral to 
orthorhombic, orthorhombic to tetragonal, and tetragonal to cubic (ferroelectric to paraelectric transition)[14-16]. 
The observed dielectric phase transitions in composite ceramic are a proof that the ferroelectric character of BTO is 
maintained, due to the reduced extrinsic contributions. Moreover, the noted phase transitions are slight lower than 
that of the BaTiO3 single crystal. This discrepancy can be explained as the influence of high conducive CZFO phase 
diffuse in the ferroelectric BaTiO3 matrix, which can influence the dielectric behavior of the composite ceramic. In 
addition, ionic radii of Fe3+ and Ti4+ are in the same order, as a result some of the Ti4+ in octahedral site may be 
displaced by Fe3+ ion causing a the significant change in the positions of structural phase transitions. The dielectric 
loss shows increases with increasing in temperature and suddenly rises at higher temperatures indicating conductive 
nature. And also there are no appreciable tangent peaks at phase transitions regimes [17-18].  
 
3.3. Magnetization and Polarization studies 
 
Fig 4(a) shows the variation of magnetization with magnetic field at different fixed temperatures (5K, 
150K, and 300K).  The loops clearly show the well saturated at room temperature indicates good ferromagnetic 
characteristics. The observed saturation magnetization (MS) and coercivity (HC) in CZFO-BTO were found to be ~ 
72.1emu/g and 1300 Oe, respectively at 5K. These noted values are well in agreement with previous reports. 
Furthermore, the noted HC values are decreasing with temperature, the sudden fall in coercivity value at 300K 
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(clearly shown in inset Fig 4(a)) indicate nanoparticles effect i.e., surface to volume ratio becomes large with 
decreasing particle size. Thus, long-range ferromagnetic order is frequently interrupted due to uncompensated spins 
at the surface dominance which leads to zero coercivity at room temperature. Moreover, the presence of the 
nonmagnetic perovskite phase in CZFO can influence to produce interface effects, which could also be an important 
factor in reducing the 
coercivity and magnetization 
values [17-18].  
Fig 4(b) shows the 
variation of polarization vs. 
Electric field (P–E) 
measurements with different 
field strength. The loops 
demonstrates typical 
ferroelectric characteristic for 
the ME composite, in which 
the observed saturation, 
remnant, polarization and 
coercive field values are 
smaller than those of bulk 
BTO [16-18]. 
 
3.4. Magneto-electric studies   
 
The existence of a coupling between the magnetic and ferroelectric domains was demonstrated by 
measuring magnetoelectric voltage, by applying a small alternating magnetic field Hac (5 Oe) and a frequency of 1 
kHz in the presence of a large dc magnetic field Hdc (1–5000 Oe). The ME voltage that measured between electrodes 
on the opposite sample faces, i.e. perpendicular to the sample plane, is denoted as longitudinal (ĮE33) and transverse 
(ĮE33) ME coefficients should correspond to situation when the magnetic field is applied perpendicular and parallel 
to the sample surface, respectively. [19-20]. Fig 5 shows the 
dc-field dependence of longitudinal (ĮE33) and transverse (ĮE31) 
ME sensitivity for composite powder before and after electrical 
poling, which indicates the ME sensitivity is more after 
electrical poling. Moreover, with increasing dc-magnetic field 
the transverse (ĮE31) ME voltage increases to its maximum at 
about 3 k Oe and then decreases. In comparison, longitudinal 
(ĮE33) ME voltage shows different behaviour, where it increases 
monotonously with increasing magnetic field. The reason for 
high value of ME coupling in present composite can be 
attributed to small grain size of ferrite embedded in large 
piezoelectric gains. The large grains can be polydomain and 
small ones can be acting a single domain, hence there is a 
competition between these two domains which leads to more 
elastic coupling, this could induce a high piezomagnetic 
coefficient in present composite powder [20-23]. The obtained 
maximum transverse (ĮE31) and longitudinal ME voltages are 
44 mV/cm Oe and 14.5 mV/cm Oe respectively, where same 
sample shows more transverse (ĮE31) ME voltage than 
longitudinal (ĮE33). This can be explained by the field-dependent piezomagnetic coefficient of the magnetostrictive 
Fig.5. Measurement of the transverse (Į13) 
and longitudinal (Į33) magnetoelectric 
sensitivity of CZFO-BTO ceramic, carried 
before and after electrical poling.
Fig.4. Hysteresis loops of CZFO-BTO nanocomposite, (a) Magnetization 
with magnetic field at fixed temperatures, (b) Polarization with electric 
field at fixed applied voltages of the composite ceramic. 
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phase, which is maximal at a certain bias magnetic field and along transverse direction [22-23]. Thus, the present 
composite system can be useful for room temperature magneto-electric devices.  
 
4. Conclusions   
It has been shown that present CZFO-BTO composite was successfully synthesized by hybrid chemical-
solid state reaction procedure without any secondary phase other than CZFO and BTO phase. The microstructural 
investigation confirmed the bi-phase of ferroelectric grains, was aggregated with sizes of 20–50 μm and smaller 
ferrite nanoparticles of 15-20 nm randomly dispersed into a more homogeneous BaTiO3 matrix. It has also shown 
the low temperature structural phase transitions in dielectric studies, which corresponds to structural phase 
transitions of nonmagnetic (barium titanate) present in the composite. The ME properties of the composite show 
saturated ferroelectric and magnetic hysteresis loops and high transverse magnetoelectric voltage. All of the 
aforementioned physical properties bring us to conclusion that mixed nanoparticles of Zn-doped Co-ferrite/micro 
sized BaTiO3 composite is a good room temperature magneto-electric multiferroic material. 
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